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Abstract

Hawai‘i faces unique challenges in providing access to subspecialty care, 
particularly on the islands outside of O‘ahu. Telemedicine allows remote 
treatment of patients with acute ischemic stroke by a neurologist with stroke 
expertise. The Hawai‘i Telestroke Program was implemented in 2012 to connect 
hospitals with limited neurology coverage to a tertiary stroke center on O‘ahu 
with 24/7 stroke neurology coverage. By 2017, seven hospitals were included 
in the program. The clinical data and revascularization therapy rate for all 
telestroke cases between January 2012 and July 2017 were analyzed. Annual 
telestroke consultations increased from 11 in 2012 to 203 in 2016. Among a 
total of 490 telestroke consultations, 318 patients (64.9%) were diagnosed 
with ischemic stroke while the remaining 172 patients had other diagnoses. 
Revascularization therapies, including intravenous tissue plasminogen activator 
and mechanical thrombectomy, were provided in 190 patients (38.8%). Using 
the discharge modified Rankin Scale, 141 (44.3%) patients were function-
ally independent at the time of hospital discharge, while 162 (50.9%) were 
disabled or dependent, and 15 (4.7%) died while in the hospital. Of the 490 
telestroke consultations, 151 patients (30.8%) were transferred to the hub 
hospital while 69.2% of patients were able to remain in their local hospital. 
In summary, development of the Hawai‘i Telestroke Program resulted in an 
increasing number of acute telestroke consultations and revascularization 
therapies at seven hospitals with limited neurological subspecialty coverage. 
Utilization of telemedicine in acute stroke treatment is feasible and may help 
address existing disparities of subspecialty care in Hawai‘i. 
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Abbreviations and Acronyms

AIS = acute ischemic stroke
DTN = door-to-needle
IV tPA = intravenous tissue plasminogen activator 
NIHSS = National Institutes of Health Stroke Scale
mRS = modified Rankin Scale
sICH = symptomatic intracranial hemorrhage
TIA = transient ischemic attack

Introduction

The geography of an archipelago presents unique challenges in 
access to healthcare resources for Hawaii’s 1.4 million residents. 
Limited access to tertiary care and a statewide physician short-
age, particularly on the Hawaiian Islands outside of O‘ahu, has 
resulted in disparities in subspecialty care.1–3 While physician 
shortages apply across all specialties, the neurologist shortage 
has been reported to be especially substantial, ranging between 

a 38%-100% deficit in the number of neurologists needed on the 
Hawaiian Islands outside of O‘ahu based on population.4 The 
demand for physicians with neurological expertise is expected 
to increase further with an aging population. 

Stroke has been identified as the third-leading cause of death 
in Hawai‘i.5 Significant improvement in neurological deficits 
and functional outcome can be seen when acute ischemic stroke 
(AIS) is treated with emergency revascularization therapies 
such as intravenous tissue plasminogen activator (IV tPA) or 
mechanical thrombectomy. The treatment rate for IV tPA in 
Hawai‘i has historically varied based on the geographic location 
of the patient at presentation1–3 with a statewide treatment rate 
of 5.5% between 2010-2015.3 In 2012, a Stroke Task Force 
was convened by the Hawai‘i Department of Health to address 
disparities in stroke treatment across the state. A 2014 report 
to the Hawai‘i legislature identified that 14.3% of hospitals 
had no access to a neurologist and 28.6% of hospitals reported 
door-to-needle (DTN) times for IV tPA administration to be 
greater than 60 minutes.1 It was postulated that limited access 
to neurologists with stroke expertise was one of the main fac-
tors leading to low utilization of revascularization therapies 
and delay in administration of IV tPA.
	
One possible solution to address disparities in subspecialty care 
is the use of telemedicine. Telemedicine or more specifically 
“telestroke” is an increasingly viable option for hospitals with 
limited access to neurologists with stroke expertise.6 The 2018 
American Heart Association (AHA) guidelines now recommend 
the use of telestroke evaluation if in-person stroke expertise 
is not available.7 Telestroke programs link “spoke” hospitals 
without 24-hour stroke expertise with “hub” hospitals, which are 
usually designated Primary or Comprehensive Stroke Centers 
with 24/7 neurological coverage. Two-way video-conferencing 
allows the neurologist at the hub hospital to immediately assess 
the stroke patient at the spoke hospital and make treatment 
recommendations such as IV tPA and/or mechanical thrombec-
tomy if warranted. Additionally, telestroke programs allow the 
neurologist at the hub hospital to triage whether the AIS patient 
needs to be transferred to the hub hospital for a higher level 
of care. This allows AIS patients that do not require a higher 
level of care to remain at the spoke hospital, minimizing the 
cost of unnecessary inter-hospital transfer. Numerous studies 
assessing the impact of telestroke programs report improved 
IV tPA administration rates and DTN time quality metrics, after 
implementation of telestroke programs.8–10 
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The Hawai‘i Telestroke Program was established in 2012 
to provide stroke care through telemedicine for patients at 
hospitals throughout Hawai‘i where timely access to a stroke 
neurologist is limited. Based out of the Queen’s Medical Cen-
ter Punchbowl, the program subsequently expanded to seven 
spoke hospitals on four islands by 2017. We hypothesized that 
the telestroke program would increase IV tPA treatment rates 
and reduce treatment delays with a safety profile that is similar 
to in-person stroke care.

Methods

The project was supported by two grants from the Hawai‘i 
Department of Health Neurotrauma Special Fund. From its 
inception in 2012, the Hawai‘i Telestroke Program gradually 
expanded its spoke hospitals to include seven hospitals on four 
islands. These hospitals were connected to the hub hospital 
at The Queen’s Medical Center Punchbowl via synchronous 
audio-video telemedicine equipment. During the study period, 
we used mobile wireless telemedicine carts manufactured by 
Interactive Care Technologies which included a remote pan-
tilt-zoom camera that was accessible to the on-call neurologist 
using a web-based portal. For some hospitals, we used Polycom 
mobile telemedicine carts and Cisco Jabber software for two-
way video calls.

All consecutive patients who were activated as acute stroke 
telemedicine consults from January 2012 to July 2017 were 
included in a prospectively collected clinical database that 
was used to report ongoing data to the grant funding agency. 
This study was based on a planned retrospective analysis of 
the first 500 patients in the telestroke clinical database with 
supplemental information collected by retrospective review of 
the electronic medical record (EMR) for missing data fields. 
The Queen’s Institutional Review Committee approved the 
retrospective analysis and publication of these data with waiver 
of individual informed consent.

The Queen’s Medical Center Punchbowl is a 505-bed hospital 
located on O‘ahu, the largest tertiary referral center for the 
Pacific Basin. It was the only Joint Commission-certified Pri-
mary Stroke Center in Hawai‘i until 2015 and it remains the 
only Hawai‘i hospital with a dedicated neurocritical care unit. 
During the study period, the telestroke program was covered 
by two board-certified vascular neurologists and two board-
certified neurointensivists who were also vascular neurology 
trained. The neuro-interventional program was covered by one 
board-certified neuro-interventionalist. In 2017, the Queen’s 
Medical Center Punchbowl admitted 609 ischemic strokes and 
performed 37 mechanical thrombectomies.

The spoke hospitals (number of licensed beds, distance to the 
hub hospital) were: Moloka‘i General Hospital (15 beds, 57 
miles by air), Hilo Medical Center (157 beds, 218 miles by air), 
Wahiawa General Hospital (53 beds, 16 miles by ground), Maui 

Memorial Medical Center (214 beds, 97 miles by air), North 
Hawai‘i Community Hospital (42 beds, 178 miles by air), Kona 
Community Hospital (76 beds, 184 miles by air), and Queen’s 
Medical Center West O‘ahu (80 beds, 12 miles by ground).

Telestroke consults were initiated by providers at spoke hos-
pitals for Emergency Department (ED) patients and hospital 
inpatients presenting with symptoms suggestive of AIS within 6 
hours of the time the patient was last known to be normal. This 
time window was selected because, at the time of the study, 
mechanical thrombectomy was recommended for large vessel 
occlusion strokes within 6 hours of symptom onset.11 These 
patients were treated before the recommended time window 
for mechanical thrombectomy was extended to 16-24 hours.12

Patients were subsequently evaluated by a hospital-employed 
on-call neurologist at the hub hospital using two-way synchro-
nous audio-video telecommunications. Available imaging was 
also transmitted to and reviewed by the hub neurologist using an 
encrypted imaging file-sharing software (BEAM, OneMedNet) 
within the hub hospital picture archiving and communications 
systems (PACS). The hub neurologist also had access to patient 
laboratory values and vital signs through the EMR. The neurolo-
gist had direct access to the EMR at three of the spoke hospitals 
which are in the same health care system and indirect access to 
the EMR at other hospitals through Epic CareEverywhere and 
Hawai‘i Health Information Exchange (HHIE). For non-Epic 
hospitals, clinical documentation was transmitted to the spoke 
hospital using an auto-fax functionality in Epic.

The hub neurologist made recommendations for or against IV 
tPA and mechanical thrombectomy based on clinical judgment. 
Providers also made triage recommendations to either transfer 
the patient to the hub hospital or manage the patient at the spoke 
hospital based on patient characteristics and local resources. 
The hub neurologists occasionally utilized telemedicine to ac-
cess AIS patients at the hub hospital. For the purpose of this 
study, telemedicine use for the hub hospital was excluded from 
the final analyses.

The prospective clinical database collected information on 
patient demographics (age, sex, spoke hospital, self-reported eth-
nicity/race, etc) and stroke risk factors (hypertension, diabetes, 
atrial fibrillation, prior stroke, etc) from clinical documentation 
in the EMR. The initial National Institutes of Health Stroke Scale 
(NIHSS) score, symptom onset time, and telemedicine response 
and connection times were recorded by the hub neurologists. 
The NIHSS is the standard measure of functional disability for 
acute stroke where no disability is 0 and maximum disability 
is 42 based on standardized examination with high inter-rater 
validity.13 One of the major quality metrics for acute stroke 
treatment, DTN time for IV tPA, was also recorded in the 
database and confirmed with review of EMR documentation. 
The DTN time is defined as the interval from patient arrival 
to time of initiating IV tPA, and shorter times reflect more ef-
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ficient care processes. Outcomes were retrospectively assessed 
based on review of the EMR upon hospital discharge based on 
the modified Rankin Scale (mRS) score. The mRS is the most 
commonly used post-stroke disability scale where 0 is asymp-
tomatic, 1 is symptoms without disability, 2 is slight disability 
but independent, 3 is moderate disability but able to ambulate, 
4 is moderately severe disability, 5 is bedridden, and 6 is dead.14 

The hub hospital only started routinely collecting the 90-day 
mRS data in 2016 so prospectively collected 90-day mRS data 
was not consistently available for this study period. Symptom-
atic intracerebral hemorrhage (sICH) was also recorded in the 
database as a complication of revascularization therapies and 
verified based on retrospective review of relevant imaging by 
the principal investigator (MAK). Determination of sICH was 
based on the presence of new intracerebral hemorrhage within 
24 hours of IV tPA administration and an increase in the NIHSS 
score by ≥4 points according to standard criteria.15,16 The final 
diagnosis of AIS was determined by presence of visible stroke 
on subsequent MRI or CT imaging or persistent disability 
attributable to stroke in the opinion of the treating physician. 
“Stroke mimic” was defined as a final diagnosis other than 
stroke and no visible stroke on subsequent MRI or CT imaging.

Statistical Analysis
The data were summarized by descriptive statistics using SPSS 
version 24.0 (SPSS IBM Inc., Chicago, IL). This was a descrip-
tive study of the entire cohort without any attempt to perform 
pre-specified two-group comparisons. 

 
Results
From its inception in January 2012 to July 2017, the Hawai‘i 
Telestroke Program conducted a total of 500 telemedicine-based 
consultations for patients with suspected AIS. Among these, 10 
telestroke consultations were performed to access suspected 
AIS patients at the hub hospital and these were excluded from 
the final analyses. A total of 490 telestroke consultations were 
conducted to access patients at the spoke hospitals and were 
included in the final analyses. Clinical characteristics of all 
included patients are shown in Table 1. Of the total cohort, 318 
patients (64.9%) were ultimately diagnosed with stroke while 
the remaining 172 patients had other diagnoses.

Overall, 190 (38.8%) patients were treated with revasculariza-
tion therapies via telestroke consultation (Table 2). Of those 
who were treated, 183 received IV tPA alone, 22 received IV 
tPA and mechanical thrombectomy, and 7 received mechanical 
thrombectomy only. The median time from patient arrival to 
telestroke consult activation was 15.5 minutes and the median 
telestroke activation to connection establishment (response 
time) was 6 minutes. 

Among the 318 patients who were diagnosed with AIS, the 
distribution of discharge mRS is shown in Figure 1. Using 
discharge mRS 0-2 as the standard definition of “functional 

Table 1. Clinical Characteristics
N 490
Age, years, median [IQR] 68 [56, 78]
Sex, female, n (%) 228 (46.5)
Race/Ethnicity, n (%)
	 White 157 (32.0)
	 Asian, non-Filipino 78 (15.9)
	 Filipino 117 (23.9)
	 Native Hawaiian or other Pacific Islander 128 (26.1)
	 Other or unknown 10 (2.0)
Hypertension, n (%) 313 (63.9)
Diabetes mellitus, n (%) 132 (26.9)
Atrial fibrillation, n (%) 105 (21.4)
Hyperlipidemia, n (%) 140 (28.6)
Coronary artery disease 62 (12.7)
Previous TIA or stroke, n (%) 144 (29.4)
Anticoagulant use, n (%) 84 (17.1)
Initial NIHSS, median [IQR], AIS patients only (n=318) 5 [2, 11]
Stroke Subtype, n (%), AIS patients only (n=318)
	 Large artery atherosclerosis 86 (17.6)
	 Cardioembolism 149 (30.4)
	 Small vessel disease/lacunar stroke 55 (11.2)
	 Other determined etiology 8 (1.6)
	 Undetermined etiology 13 (2.7)
	 Unable to determine 7 (1.4)

AIS = acute ischemic stroke; IQR = interquartile range; 
NIHSS = National Institutes of Health Stroke Scale; TIA = transient ischemic attack

Table 2. Process Measures and Performance
N 490
Any revascularization therapy, n (%) 190 (38.8)
	 IV tPA 183 (37.3)
	 IV tPA + Mechanical Thrombectomy 22 (4.5)
	 Mechanical Thrombectomy only 7 (1.4)
Onset-to-Arrival, min, median [IQR] 70.0 [45.0, 123.5] 
Arrival-to-Stroke Code Activation, min, median [IQR] 6.0 [0, 15.0] 
Arrival-to-Telestroke Activation, min, median [IQR] 15.5 [7.0, 31.0] 
Telestroke Activation-to-Connection Establishment, 
min, median [IQR] 6.0 [4.0, 10.0] 

“Door-to-Needle” Time, min, median [IQR] 47.0 [39.0, 62.0] 
Outcome of Telestroke Encounter, n (%)
	 Not AIS (“stroke mimics”) 172 (35.1)
	 AIS, no treatment, remain at spoke hospital 115 (23.5)
	 AIS, treatment, remain at spoke hospital 52 (10.6)
	 AIS, no treatment, transfer to hub hospital 26 (5.3)
	 AIS, treatment, transfer to hub hospital 125 (25.5)

AIS = acute ischemic stroke; IQR = interquartile range; 
IV tPA = intravenous tissue plasminogen activator
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independence”, 141 (44.3%) patients in this study were con-
sidered independent at the time of hospital discharge, while 
162 (50.9%) were disabled or dependent (mRS 3-5), and 15 
(4.7%) died while in the hospital (mRS 6). For the subset of 
26 patients who were treated with mechanical thrombectomy, 
median mRS at discharge was 4.0 [3.0, 5.0].

Temporal trends of telestroke consult utilization show a consis-
tent increase from 2012 to 2017 (Table 3). This increase reflects 
the growth of the Hawai‘i Telestroke Program in which the 
number of telestroke spoke hospitals grew from 1 in 2012 to 7 
in 2017 as well as increased per-site utilization. The aggregate 
median DTN for IV tPA for the spoke hospitals is shown in 
Table 4. The median DTN across all spoke hospitals was less 
than 60 minutes during the study period, which is the current 
national benchmark.7 

Of the 490 telestroke consultations, 151 patients (30.8%) were 
transferred to the hub hospital for further tertiary care while 
69.2% of patients were able to remain in the spoke hospital for 
treatment. Among those AIS patients who were treated with IV 
tPA, 52 patients were able to remain at the spoke hospital while 
125 patients were transferred to the hub hospital. Twenty-six 
patients with AIS who were not treated with IV tPA were also 
transferred to the hub hospital. Triage decisions were based 
on local capacity at the spoke hospital and need for higher 
level of care as well as patient and provider preferences. Two 
of the spoke hospitals do not have MRI, carotid imaging, and/
or echocardiography available on-site. At these hospitals, 
even routine stroke patients who were not treated with IV tPA 

Figure 1. Distribution of mRS at Hospital Discharge for Patients Diagnosed with AIS (n=318) Where 0 
is Asymptomatic, 1 is Symptoms Without Disability, 2 is Slight Disability but Independent, 3 is Moder-
ate Disability but Able to Ambulate, 4 is Moderately Severe Disability, 5 is Bedridden, and 6 is Dead

Table 3. Temporal Trends of Telestroke Consultation
Temporal Trends in Number of Telestroke Consults by Year

Year N
2012 11
2013 18
2014 29
2015 130
2016 203
2017* 99

*last data in July 2017

Table 4. Temporal Trends in Door-to-Needle Time by Year
Year Minutes, median [interquartile range]

2012 (n = 4) 72.5 [56.8, 95.0]
2013 (n = 11) 60.0 [35.0, 62.0]
2014 (n = 11) 45.0 [42.0, 62.0]
2015 (n = 48) 44.0 [38.0, 58.8]
2016 (n = 69) 50.0 [40.5, 63.5]
2017* (n = 40) 43.5 [35.0, 60.0]

*last data in July 2017

required transfer to the hub hospital. In other cases, high risk 
patients with large strokes who would benefit from monitoring 
in the neurocritical care unit or may have needed decompressive 
craniectomy were transferred to the hub hospital.
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Among patients who were treated with revascularization thera-
pies, 11/183 (6.0%) had sICH. Five of these patients were treated 
with mechanical thrombectomy in addition to IV tPA while 6 
patients were treated with IV tPA alone. All of the patients with 
sICH had poor neurological outcomes at the time of hospital 
discharge with mRS 3 in 1 patient, mRS 4 in 2 patients, mRS 
5 in 4 patients, and in-hospital death in 4 patients.

Despite the criterion for telestroke activation by the spoke 
hospital being an initial clinical impression of AIS, 172 patients 
(35.1%) were ultimately diagnosed with stroke mimics by the 
hub neurologist. These patients had final diagnoses of conver-
sion disorder (n=57), transient ischemic attack (TIA) (n=33), 
encephalopathy (n=23), spontaneous ICH (n=20), seizure 
(n=19), migraine (n=9), and other causes (n=11). Of the 183 
patients who were treated with IV tPA, 9 patients (4.9%) were 
ultimately diagnosed with a stroke mimic. Six patients were 
diagnosed with conversion disorder, 2 patients with seizure, 
and 1 patient with migraine. Of the 9 stroke mimic patients 
who were treated with IV tPA, none had sICH and all were 
eventually discharged to home.

Discussion

National and regional physician shortages have encouraged the 
development of programs that allow patients in rural or other-
wise underserved areas to receive similar care to those treated 
at tertiary academic medical centers. One of the most visible 
developments has been the implementation of telemedicine, 
which has been shown to be safe and effective for evaluation 
and treatment of AIS.16-18 
	
Other regions have successfully implemented telestroke 
programs which have connected smaller, rural hospitals with 
Primary and Comprehensive Stroke Centers. A pilot program 
implemented in southeastern Louisiana that emphasized first 
responder training in addition to early telemedicine activation 
showed reduction in time to neurology consult and IV tPA 
administration rates that were higher than the national aver-
age.19 Implementation within the Kaiser Permanente system in 
Southern California increased IV tPA administration for AIS by 
4.6% and brought IV tPA administration rates at spoke hospitals 
in line with those at the Comprehensive Stroke Center.18 

Our study demonstrated a significant increase in telestroke 
adoption and number of patients treated with revascularization 
therapies during the study period. Of the 490 telestroke consul-
tations, 309 patients (69.2%) were able to remain in their local 
community hospital for treatment. Triage decisions regarding 
which patients required inter-hospital transfer were based on 
recommendations from the hub neurologist and spoke physician 
as well as patient preferences. These decisions were largely 
based on local resources available at the spoke hospital, local 
experience with post-IV tPA monitoring, and patient character-

istics such as anticipated stroke size, need for neurocritical care 
monitoring, or need for mechanical thrombectomy. Because of 
the island geography, the cost of inter-hospital transport between 
islands has been reported to be at least $15,000 per patient and as 
high as $70,000 in some locations.20,21 Considering these costs, 
we anticipate that appropriate triage of stroke patients based on 
telemedicine will result in significant healthcare cost savings. 

In this study, 339 telestroke cases did not require transfer to 
the hub hospital, 172 of whom were located on one of the 
neighbor islands outside of O‘ahu. It is difficult to estimate 
the exact number of patients who may have been transferred 
to the hub hospital without the telestroke program. However, 
if the maximal potential cost savings were to be estimated with 
an assumption that all 172 cases would have been transferred 
using air ambulance services, it would be approximately $6.2 
million over the study period based on an average estimated air 
ambulance cost of $36,000 per inter-island medical transfer.21 
If we were to make a conservative estimate of 10% preventable 
transfer among these neighbor island cases, it would still be 
$620,000 in cost savings over the study period.
	
Since the implementation of the Hawai‘i Telestroke Program, 
according to the Get With the Guidelines – Stroke database, the 
rate of DTN times under 60 minutes in Hawai‘i has improved 
from 43.6% of patients in 2012 to 77.3% in 2017. Revascu-
larization therapies for AIS patients at all Hawai‘i hospitals 
also improved from 6% to 15.3% between 2012 and 2017. 
While these improvements may not be directly attributable to 
the Hawai‘i Telestroke Program alone, these findings indicate 
an overall improvement in the number of patients in Hawai‘i 
who received appropriate, timely therapy for AIS during the 
study period.

One of the strengths of telestroke care is that it has been found 
to be as safe as treatment based on in-person assessment in 
other studies.16,22 The rate of inadvertent IV tPA administra-
tion in patients with stroke mimics and the rate of sICH in AIS 
patients treated with IV tPA are two safety concerns frequently 
discussed in reference to telestroke programs. Stroke mimics are 
those patients who initially present with symptoms similar to 
AIS but are ultimately determined to have a different diagnosis, 
such as seizures, conversion disorder, or TIA. Stroke mimics 
are estimated to make up around 15% of those presenting with 
AIS symptoms and present a dilemma for providers caring for 
these patients.23,24 Ideally, stroke mimics are accurately identified 
prior to administration of IV tPA. However, time constraints 
for IV tPA administration often make the advanced imaging 
or other tests that could differentiate between AIS and stroke 
mimics difficult to employ. Prior case series have reported a 
low incidence of complications such as sICH when patients 
with stroke mimics are inadvertently treated with IV tPA.23-26 

Remote neurological examination based on telemedicine re-
quires different clinical skills compared to in-person neurological 
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examination which may raise the potential for a higher rate of 
inadvertent IV tPA treatment in stroke mimics. In the present 
study, 35.1% of patients who received a telestroke consult were 
ultimately determined to be stroke mimics. Of the patients 
treated with IV tPA in the present study, 11 patients (4.9%) 
were subsequently diagnosed with a stroke mimic. Our findings 
were similar to a prior large multi-center study that reported 
32.6% of telestroke activations were ultimately diagnosed with 
a stroke mimic.27increasing numbers of SM patients are likely 
being evaluated via Telestroke. We developed a model to pro-
spectively identify ischemic SMs during Telestroke evaluation. 
METHODS AND RESULTS: We analyzed 829 consecutive 
patients from January 2004 to April 2013 in our internal New 
England-based Partners TeleStroke Network for a derivation 
cohort, and 332 cases for internal validation. External validation 
was performed on 226 cases from January 2008 to August 2012 
in the Partners National TeleStroke Network. A predictive score 
was developed using stepwise logistic regression, and its per-
formance was assessed using receiver-operating characteristic 
(ROC Two prior studies reported stroke mimic rates of 7% and 
7.8% among patients treated with IV tPA based on telestroke 
consultation which was similar to the stroke mimic rate among 
patients treated with IV tPA based on in-person examinations 
in their respective cohorts.28,29

Some studies have attempted to identify factors that are as-
sociated with higher likelihood that a patient’s symptoms are 
caused by a stroke mimic.27 These studies suggest that stroke 
mimics are more common in patients who are younger, pres-
ent with a minor neurological deficit, and have lower NIHSS 
scores.23,24,27 Evaluation and IV tPA treatment oversight by a 
neurologist reduces the likelihood that a stroke mimic patient 
will be administered IV tPA compared with emergency physi-
cians acting without neurological consultation.30 Telestroke 
programs that connect patients with neurologists are likely to 
improve appropriate IV tPA administration rates and reduce 
inadvertent treatment of stroke mimics.
	
An uncommon but significant complication after IV tPA admin-
istration is sICH. Rates of sICH in AIS patients treated with IV 
tPA have been shown to be no different in telestroke assessments 
when compared with in-person assessments.19 In the present 
study, 6% of patients who were treated with revascularization 
therapies developed sICH over the course of the study period. 
A disproportionate number of patients with sICH were treated 
with the combination of IV tPA and mechanical thrombectomy 
rather than IV tPA alone. The sICH rate was similar to the 
rate reported in the original National Institute of Neurological 
Disorders and Stroke (NINDS) treatment trial and the package 
labeling for IV tPA (6.4%)31 but higher than post-marketing 
surveillance data from the Safe Implementation of Treatment 
in Stroke (SITS) registries (1.6-2.2%).15,32 A meta-analysis of 
prior observational studies of telestroke programs reported a 
range of sICH of 1-8% which was similar to control groups of 
patients treated with IV tPA in-person.8

This study has some important limitations based on the geog-
raphy and healthcare systems in Hawai‘i and the retrospective 
nature of the study design. First, due to the unique island 
geography of Hawai‘i, the results may not be generalizable 
to healthcare systems in other regions. Second, longer term 
functional outcomes were not available for many of the patients 
in this study, particularly those who were not transferred to the 
hub hospital. Because of this limitation, the long-term safety and 
outcomes of telestroke treatment are not known. Third, although 
the study was based on a prospectively collected database, 
some retrospective chart review was required to obtain data 
regarding the final diagnosis, imaging results, and functional 
outcomes. Retrospective EMR review was often required for 
patients who were not transferred to the hub hospital. Investiga-
tors conducting these retrospective reviews were not blinded to 
the initial treatment decisions which could introduce outcome 
ascertainment bias.

The unique environment of the Hawaiian Islands presents many 
challenges to care for patients on islands other than O‘ahu who 
may not have timely access to a neurologist. While stroke is a 
leading cause of death and disability in Hawai‘i, patients living 
on other islands and in rural areas have historically had difficulty 
accessing the same quality stroke care as those patients living in 
urban Honolulu. The Hawai‘i Telestroke Program has sought to 
bridge the gap for these patients through the implementation of 
a telemedicine program that connects hospitals with acute stroke 
care. The program has been shown to be safe and effective at 
improving rates of revascularization therapies and reducing DTN 
time across all hospitals where the program was implemented. 
In future studies it would be beneficial to assess long-term 
outcomes of patients treated with IV tPA and outcome trends 
at individual hospitals within the Hawai‘i Telestroke Program.
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